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1
METHOD AND APPARATUS FOR
TRANSMITTING UPLINK CONTROL
INFORMATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is the National Stage filing under 35
U.S.C. 371 of International Application No. PCT/KR2013/
000907, filed on Feb. 5, 2013, which claims the benefit of
U.S. Provisional Application Ser. No. 61/595,621, filed on
Feb. 6, 2012, and 61/645,061, filed on May 10, 2012, the
contents of which are all hereby incorporated by reference
herein in their entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to wireless communications,
and more particularly, to a method and apparatus for trans-
mitting uplink control information in a wireless communi-
cation system.

2. Related Art

3" generation partership project (3GPP) long term evo-
Iution (LTE) evolved from a universal mobile telecommu-
nications system (UMTS) is introduced as the 3GPP release
8. The 3GPP LTE uses orthogonal frequency division mul-
tiple access (OFDMA) in a downlink, and uses single
carrier-frequency division multiple access (SC-FDMA) in
an uplink. The 3GPP LTE employs multiple input multiple
output (MIMO) having up to four antennas. In recent years,
there is an ongoing discussion on 3GPP LTE-Advanced
(LTE-A) evolved from the 3GPP LTE.

As disclosed in 3GPP TS 36.211 V10.4.0 (2011-12)
“Evolved Universal Terrestrial Radio Access (E-UTRA);
Physical Channels and Modulation (Release 10)”, a physical
channel of the LTE can be classified into a downlink
channel, i.e., a physical downlink shared channel (PDSCH)
and a physical downlink control channel (PDCCH), and an
uplink channel, i.e., a physical uplink shared channel
(PUSCH) and a physical uplink control channel (PUCCH).

The uplink channel is used to transmit a variety of uplink
control information such as hybrid automatic repeat request
(HARQ) positive-acknowledgement (ACK)/negative-ac-
knowledgement (NACK), channel state information (CSI),
and scheduling request (SR).

A radio resource for the uplink channel may be more
restrictive than a radio resource for the downlink channel,
and a transmission error of uplink control information may
aggravate service quality. Such a fact must be considered
when the uplink channel is designed.

SUMMARY OF THE INVENTION

The present invention provides a method of transmitting
uplink control information and a wireless device using the
method.

In an aspect, a method for transmitting uplink control
information in a wireless communication system is pro-
vided. The method includes masking a cyclic redundancy
check (CRC) of first uplink control information with a
masking sequence related to second uplink control informa-
tion, and transmitting the masked first uplink control infor-
mation through an uplink channel.

The first uplink control information may include channel
state information (CSI), and the second uplink control
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2

information may include a hybrid automatic repeat request
(HARQ) positive-acknowledgement (ACK)/negative-ac-
knowledgement (NACK).

In another aspect, a wireless device for transmitting
uplink control information in a wireless communication
system is provided. The wireless device includes a radio
frequency (RF) unit configured to transmit and receive a
radio signal, and a processor operatively coupled to the RF
unit and configured to mask a cyclic redundancy check
(CRC) of first uplink control information with a masking
sequence related to second uplink control information and
transmit the masked first uplink control information through
an uplink channel via the RF unit.

Transmission reliability of a variety of uplink control
information can be increased.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a structure of a downlink (DL) radio frame
in 3" generation partnership project (3GPP) long term
evolution (LTE).

FIG. 2 shows a structure of an uplink (UL) subframe in
3GPP LTE.

FIG. 3 shows an example of uplink control information
(UCI) multiplexing in 3GPP LTE.

FIG. 4 shows an example of resource mapping on a
physical uplink shared channel (PUSCH).

FIG. 5 shows an example of aperiodic channel state
information (CSI) reporting in 3GPP LTE.

FIG. 6 is a flowchart showing a control information
transmission method according to an embodiment of the
present invention.

FIG. 7 shows resource mapping according to an embodi-
ment of the present invention.

FIG. 8 shows resource mapping according to another
embodiment of the present invention.

FIG. 9 shows resource mapping according to another
embodiment of the present invention.

FIG. 10 shows resource mapping according to another
embodiment of the present invention.

FIG. 11 is a block diagram showing a wireless commu-
nication system according to an embodiment of the present
invention.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

A wireless device may be fixed or mobile, and may be
referred to as another terminology, such as a user equipment
(UE), a mobile station (MS), a user terminal (UT), a
subscriber station (SS), a mobile terminal (MT), etc. A base
station (BS) is generally a fixed station that communicates
with the wireless device and may be referred to as another
terminology, such as an evolved node-B (eNB), a base
transceiver system (BTS), an access point, etc.

Hereinafter, the present invention is applied based on a 3"
generation partnership project (3GPP) long term evolution
(LTE) or a 3GPP LTE-Advanced (LTE-A). This is for
exemplary purposes only, and thus the present invention is
applicable to various communication systems. In the fol-
lowing description, LTE and/or LTE-A are collectively
referred to as LTE.

The wireless device may be served by a plurality of
serving cells. Each serving cell may be defined with a
downlink (DL) component carrier (CC) or a pair of a DL.CC
and an uplink (UL) CC.



US 9,473,267 B2

3

The serving cell can be classified into a primary cell and
a secondary cell. The primary cell operates at a primary
frequency, and is a cell designated as the primary cell when
the UE performs an initial network entry process or starts a
network re-entry process or performs a handover process.
The primary cell is also called a reference cell. The second-
ary cell operates at a secondary frequency. The secondary
cell can be configured after an RRC connection is estab-
lished, and can be used to provide an additional radio
resource. At least one primary cell is configured always. The
secondary cell can be added/modified/released by using
higher-layer signaling (e.g., RRC messages).

The CI of the primary cell may be fixed. For example, a
lowest CI can be designated as a CI of the primary cell. It
is assumed hereinafter that the CI of the primary cell is 0 and
a CI of the secondary cell is allocated sequentially starting
from 1.

FIG. 1 shows a structure of a downlink (DL) radio frame
in 3GPP LTE. The section 4 of 3GPP TS 36.211 V10.4.0
(2011-12) “Evolved Universal Terrestrial Radio Access
(E-UTRA); Physical Channels and Modulation (Release
10)” may be incorporated herein by reference.

A radio frame includes 10 subframes indexed with O to 9.
One subframe includes 2 consecutive slots. A time required
for transmitting one subframe is defined as a transmission
time interval (TTI). For example, one subframe may have a
length of 1 millisecond (ms), and one slot may have a length
of 0.5 ms.

One slot may include a plurality of orthogonal frequency
division multiplexing (OFDM) symbols in a time domain.
Since the 3GPP LTE uses orthogonal frequency division
multiple access (OFDMA) in a downlink (DL), the OFDM
symbol is only for expressing one symbol period in the time
domain, and there is no limitation in a multiple access
scheme or terminologies. For example, the OFDM symbol
may also be referred to as another terminology such as a
single carrier frequency division multiple access (SC-
FDMA) symbol, a symbol period, etc.

Although it is described that one slot includes 7 OFDM
symbols for example, the number of OFDM symbols
included in one slot may vary depending on a length of a
cyclic prefix (CP). According to 3GPP TS 36.211 V10.4.0,
in case of a normal CP, one slot includes 7 OFDM symbols,
and in case of an extended CP, one slot includes 6 OFDM
symbols.

A resource block (RB) is a resource allocation unit, and
includes a plurality of subcarriers in one slot. For example,
if one slot includes 7 OFDM symbols in a time domain and
the RB includes 12 subcarriers in a frequency domain, one
RB may include 7x12 resource elements (REs).

A DL subframe is divided into a control region and a data
region in the time domain. The control region includes up to
1 four OFDM symbols of a 1% slot in the subframe.
However, the number of OFDM symbols included in the
control region may vary. A physical downlink control chan-
nel (PDCCH) and other control channels are allocated to the
control region, and a physical downlink shared channel
(PDSCH) is allocated to the data region.

As disclosed in 3GPP TS 36.211 V10.4.0, in 3GPP LTE,
a physical channel may be classified into a data channel, i.e.,
aphysical downlink shared channel (PDSCH) and a physical
uplink shared channel (PUSCH), and a control channel, i.e.,
a physical downlink control channel (PDCCH), a physical
control format indicator channel (PCFICH), a physical
hybrid-ARQ indicator channel (PHICH), and a physical
uplink control channel (PUCCH).
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The PCFICH transmitted in a 1°* OFDM symbol of the
subframe carries a control format indicator (CFI) regarding
the number of OFDM symbols (i.e., a size of the control
region) used for transmission of control channels in the
subframe. A wireless device first receives the CFI on the
PCFICH, and thereafter monitors the PDCCH.

Unlike the PDCCH, the PCFICH does not use blind
decoding, and is transmitted by using a fixed PCFICH
resource of the subframe.

The PHICH carries a positive-acknowledgement (ACK)/
negative-acknowledgement (NACK) signal for an uplink
(UL) hybrid automatic repeat request (HARQ). The ACK/
NACK signal for UL data on a PUSCH transmitted by the
wireless device is transmitted on the PHICH.

A physical broadcast channel (PBCH) is transmitted in
first four OFDM symbols in a 2" slot of a 1* subframe of
a radio frame. The PBCH carries system information nec-
essary for communication between the wireless device and
a BS. The system information transmitted through the PBCH
is referred to as a master information block (MIB). In
comparison thereto, system information transmitted on the
PDCCH is referred to as a system information block (SIB).

Control information transmitted through the PDCCH is
referred to as downlink control information (DCI). The DCI
may include resource allocation of the PDSCH (this is
referred to as a downlink (DL) grant), resource allocation of
a PUSCH (this is referred to as an uplink (UL) grant), a set
of transmit power control commands for individual UEs in
any UE group, and/or activation of a voice over Internet
protocol (VoIP).

In 3GPP LTE, blind decoding is used to detect a PDCCH.
The blind decoding is a scheme in which a desired identifier
is de-masked from a cyclic redundancy check (CRC) of a
received PDCCH (referred to as a candidate PDCCH) to
determine whether the PDCCH is its own control channel by
performing CRC error checking. The BS determines a
PDCCH format according to DCI to be transmitted to a
wireless device, attaches a cyclic redundancy check (CRC)
to control information, and masks a unique identifier (re-
ferred to as a radio network temporary identifier (RNTI)) to
the CRC according to an owner or usage of the PDCCH.

According to 3GPP TS 36.211 V10.4.0, an uplink channel
includes a PUSCH, a PUCCH, a sounding reference signal
(SRS), and a physical random access channel (PRACH).

FIG. 2 shows a structure of an uplink (UL) subframe in
3GPP LTE.

The UL subframe can be divided into a control region and
a data region in a frequency domain. The control region is
a region to which a physical uplink control channel
(PUCCH) is allocated. The data region is a region to which
a physical uplink shared channel (PUSCH) is allocated.

The PUCCH is allocated in an RB pair in a subframe. RBs
belonging to the RB pair occupy different subcarriers in each
of a 1* slot and a 2" slot. m is a location index indicating
a logical frequency-domain location of the RB pair allocated
to the PUCCH in the subframe. It shows that RBs having the
same value m occupy different subcarriers in the two slots.

The PUSCH is allocated by a UL grant the PDCCH.
Although not shown, a 4” OFDM symbol of each slot of a
normal CP is used in demodulation reference signal (DM
RS) transmission.

Uplink control information (UCI) includes HARQ ACK/
NACK, channel state information (CSI), and scheduling
request (SR). Hereinafter, as an indicator for indicating a
state of a DL channel, the CSI may include any one of a
channel quality indicator (CQI) and a precoding matrix
indicator (PMI).
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Various methods are used for UCI transmission.

The PUCCH is used only for UCI transmission. For this,
the PUCCH supports multiple formats. A PUCCH having a
different number of bits per subframe can be used according
to a modulation scheme which is dependent on the PUCCH
format. The PUCCH format 1 is used for transmission of the
SR. The PUCCH formats 1a/1b are used for transmission of
an ACK/NACK signal. The PUCCH format 2 is used for
transmission of a CQI. The PUCCH formats 2a/2b are used
for simultaneous transmission of the CQI and the ACK/
NACK signal. When only the ACK/NACK signal is trans-
mitted in a subframe, the PUCCH formats 1a/1b are used.
When the SR is transmitted alone, the PUCCH format 1 is
used. When the SR and the ACK/NACK are simultaneously
transmitted, the PUCCH format 1 is used, and in this
transmission, the ACK/NACK signal is modulated by using
a resource allocated to the SR.

The UCI may be transmitted on the PUSCH either alone
or together with a UL transport block. This is called UCI
multiplexing.

FIG. 3 shows an example of UCI multiplexing in 3GPP
LTE. The section 5 of 3GPP TS 36.212 V10.4.0 (2011-12)
“Evolved Universal Terrestrial Radio Access (E-UTRA);
Multiplexing and channel coding (Release 10)” may be
incorporated herein by reference.

Data bits a,, a;, . . ., a,_; are provided in every TTI in a
format of one transport block. First, cyclic redundancy
check (CRC) parity bits py, py. - - - - , p_; are attached to the
data bits ag, a;, . . ., a,_; to generate CRC-attached bits by,
by, ..., bg, (step 200). Herein, B=A+L.

The CRC-attached bits by, by, . . ., by, are segmented in
a code block unit, and the CRC parity bits are re-attached in
the code block unit. c,o, ¢4, . . ., Cyg,.;y denote a bit
sequence output after the code block segmentation. Herein,
if a total number of code blocks is C, r denotes a code block
number, and Kr denotes the number of bits for the code
block number r.

Channel coding is performed on a bit sequence for a given
code block. d¥, d® , . . ., d¥, | denote encoded bits, D
denotes the number of encoded bits for each output stream,
and denotes an index of a bit stream output from an encoder.

Rate matching is performed on the encoded bits. Then,
code block concatenation is performed on the rate-matched
bits. As a result, a data bit sequence f,, f;, . . ., f5, is
generated. Herein, G denotes a total number of encoded bits
used to transmit bits other than bits used in control infor-
mation transmission when the control information is multi-
plexed on a PUSCH.

The UCI is coded independently in a format of CSI, rank
indicator (RI), and HARQ ACK/NACK.

Hereinafter, CSI coding will be described.

Channel coding is performed on CQIls 0g, 0, . .., 05
(where O is the number of CQI bits) to generate a control
information bit sequence ¢, ;s - - - » g ;- Ny, is the number
of layers to which a UL transport block is mapped, and Q.,;
is the number of bits per layer that can be used for the CSI.

For example, a (32, O) block code may be used as channel
coding for the CQI.

by, by, . . ., by, denote an intermediate sequence for CQI
channel coding and can be generated by the following
equation.

[Equation 1]

M; ,)mod2, where i=0,1,2,... ,31
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bi = Z (0,
=0
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M, ,, is a basis sequence for the (32, O) block code.

The control information bit sequence g, q;, - - « 5 4.y 18
generated by cyclically repeating the intermediate sequence
by, by, . . ., by, according to the following equation.
[Equation 2]

qi:b(z‘ mod 31y where i=0, 1, ..., NLQCQI—1

A databit sequence £, f}, . . ., {5 ; is multiplexed together
with the CSI bit sequence into a multiplexed sequence g,
€15 - - -5 - In the multiplexed symbol sequence, the CSI
may be first arranged, and thereafter a UL transport block
may be arranged. H denotes the total number of bits allo-
cated to the PUSCH, and is defined as H=G+N,;Q;.
Herein, q, is a modulation symbol on constellation, and
H'=H/Q,,. Q,, denotes the number of bits for each modula-
tion symbol of a modulation scheme. For example, when
quadrature phase shift keying (QPSK) is used as the modu-
lation scheme, Q,,=2

The channel interleaver implements time-first mapping of
a modulation symbol of the PUSCH.

FIG. 4 shows an example of resource mapping on a
PUSCH.

In a normal CP case, one slot includes 7 OFDM symbols,
and a 4” OFDM symbol in each slot is used in DM RS
transmission. Therefore, the number of OFDM symbols
used for a PUSCH in one subframe is N*¥5<%_ =12, 150,
1, ..., 11 indicates an index of an OFDM symbol allocated
to the PUSCH.

An RmuxxCmux mapping matrix is defined for a channel
interleaver. Cmux is the number of columns, and is defined
as Cmux=N"*“#_ Rmux is the number of rows, and is
related to the number of subcarriers allocated to k PUSCHs
(where k=0, 1, . . ., R). An element of the mapping matrix
to which each modulation symbol is mapped is (k,1), where
k=0, 1, ..., Rmux-1,1=0, 1, . . ., Cmux.

To simplify explanations, FIG. 4 shows a case where
Rmux=12, Cmux=12.

(1) Step 1: A modulation symbol of RI is mapped to an
OFDM symbol with 1=1, 4, 7, 10.

(2) Step 2: A multlplexed symbol sequence g, g, . . .
€7, 1s mapped in an ascendlng order of 1 starting from k= 0
This is called time-first mapping.

(3) Step 3: A modulation symbol of HARQ ACK/NACK
is mapped to an OFDM symbol with 1=2, 3, 8, 9. This
implies that the multiplexed symbol sequence mapped in
Step 2 is overwritten. Overwriting of a modulation sequence
which has already been mapped to a resource element is
called puncturing.

Among modulation symbols in the multiplexed symbol
sequence, a punctured modulation symbol cannot be trans-
mitted. This implies that, if a modulation symbol to be
punctured corresponds to CSI, it may have an effect on CSI
demodulation performed by a BS.

Now, CSI transmission on a PUSCH is described. The
CSI transmission on the PUSCH is called aperiodic CSI
reporting in a sense that it is triggered at a request of a BS.
The CSI reporting may be triggered by a UL grant or a
random access response grant.

FIG. 5 shows an example of aperiodic CSI reporting in
3GPP LTE.

A wireless device receives a UL grant including sched-
uling information for a PUSCH on a PDCCH 510 in a
subframe n. The UL grant may include a CQI request field.
The following table shows an example of a 2-bit CQI request
field. A value of the CQI request field or the number of CQI
request fields is for exemplary purposes only.
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TABLE 1

Value of CQI request field Content

00 CSI reporting is not triggered.

01 CSI reporting for serving cell is triggered.

10 CSI reporting for 1% set of serving cell is
triggered.

11 CSI reporting for 279 set of serving cell is
triggered.

Information on the 1°% and 2”7 sets for which the CSI
reporting is triggered may be reported in advance by the BS
to the wireless device.

If the CSI reporting is triggered, the wireless device
transmits CSI on a PUSCH 520 in a subframe n+k. Although
k=4 herein, this is for exemplary purposes only.

A CSI reporting mode may be designated in advance by
the BS to the wireless device.

The following table shows an example of the CSI report-
ing mode in 3GPP LTE.

TABLE 2

PMI feedback type

No PMI Single PMI Multiple PMI
Wideband CQI Mode 1-2
Selective subband CQI Mode 2-0 Mode 2-2
Configured subband CQI Mode 3-0 Mode 3-1

(1) Mode 1-2

A precoding matrix is selected under the assumption that
DL data is transmitted for each subband only through a
corresponding subband. The wireless device generates a
CQI (this is called a wideband CQI) by assuming a selected
precoding matrix as to a system band or a whole band (called
a band set S) designated by a higher layer signal.

The wireless device transmits CSI including a wideband
CQI and a PMI value of each subband. In this case, a size
of each subband may vary depending on a size of the system
band.

(2) Mode 2-0

The wireless device selects preferred M subbands as to a
system band or a band (i.e., a band set S) designated by a
higher layer signal. The wireless device generates one CQI
under the assumption that data is transmitted in the selected
M subbands. The wireless device additionally generates one
wideband CQI as to the system band or the band set S.

The wireless device transmits CSI including information
regarding the selected M subbands, the subband CQI, and
the wideband CQI.

(3) Mode 2-2

The wireless device selects a location of M preferred
subbands and a single precoding matrix for the M preferred
subbands simultaneously under the assumption that DL data
is transmitted through M preferred subbands.

A CQI for the M preferred subbands is defined for each
codeword. Additionally, a wideband CQI is generated as to
the system band or the band set S.

The wireless device transmits CSI including M preferred
subbands, one subband CQI, PMI for the M preferred
subbands, wideband PMI, and wideband CQI.

(4) Mode 3-0

The wireless device transmits CSI including a wideband
CQI and a subband CQI for a configured subband.
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(5) Mode 3-1

The wireless device generates a single precoding matrix
for a system band or a band set S. The wireless device
generates a subband CQI per codeword by assuming a
generated single precoding matrix. The wireless device may
generate a wideband CQI by assuming the single precoding
matrix.

A plurality of serving cells have been introduced in 3GPP
LTE since the release 10. Therefore, since UCI also includes
each serving cell’s CSI, HARQ ACK/NACK (hereinafter,
simply referred to as ‘A/N’), an amount of the UCI is
increased.

For example, when there are two serving cells and when
A/N for the two serving cells is transmitted on one PUSCH,
the number of bits of the A/N is increased. As described
above, if CSI and A/N are multiplexed on the PUSCH, a
modulation symbol of the CSI is punctured. Therefore, if the
number of bits of the A/N is increased, the number of bits of
CSI to be punctured is increased, which may lead to a
deterioration in CSI reporting capability.

Hereinafter, it is assumed that 1¥* UCI includes CSI and
2" UCI includes A/N. Those ordinarily skilled in the art
may know that the embodiment of the present invention is
applicable to a variety of UCI. For example, the 1 UCI may
include A/N, and the 2"¢ UCI may include CSI. The 1 UCI
may include CSI, and the 2”¢ UCI may include RI. The 1*
UCI may include CSI, and the 2”4 UCI may include SR. The
1°* UCI may include A/N, and the 2”¢ UCI may include SR.

FIG. 6 is a flowchart showing a control information
transmission method according to an embodiment of the
present invention.

In step S610, a wireless device masks a masking sequence
related to A/N with respect to cyclic redundancy check
(CRC) of CSI. Aperiodic CSI may be triggered in a corre-
sponding UL subframe, and A/N may also be triggered and
multiplexed in one PUSCH. According to the conventional
technique, A/N is transmitted by simply puncturing modu-
lation symbols of the CSI. According to the proposed
technique, information related to whether the A/N is trans-
mitted is reported by the wireless device to the BS by using
the CRS of the CSI.

The CSI to which the CRC is attached may be bits before
performing channel coding or bits which are encoded after
performing channel coding. The number of bits of (encoded
or not-encoded) CSI before the CRC is attached may be
greater than 11, but the present invention is not limited
thereto.

For example, when P denotes the number of bits of the
CSI to which the CRS is attached, M denotes the number of
bits of the CRC, a CSI bit sequence is {b,, ..., by}, and
a masking sequence is {X,, . . . , X3, }, then a masked CSI
sequence m, to which the CRC is masked may be repre-
sented as follows.

my=b; for k=0, 1, ..., P-M-1

m=(b+x;)mod 2 for k=P-M, . .., P-1

In step S620, the masked CSI is transmitted on a PUSCH.
A/N may be multiplexed together with the CSI on the
PUSCH, and then may be transmitted.

The masking sequence may indicate an A/N transmission
state. The transmission state may include whether A/N is
transmitted, an A/N transmission location, an A/N transmis-
sion channel (e.g., a PUCCH or a PUSCH), a PUCCH
format (e.g., PUCCH format 1a/1b or PUCCH format 3) for
A/N transmission, the number of A/N bits, and a combina-
tion thereof.

[Equation 3]
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Although the aforementioned embodiment describes that
the 15 UCI and the 2"¢ UCI are transmitted by being
multiplexed on the PUSCH for example, the 1°* UCI and the
24 UCI may be transmitted in different UL channels,
different serving cells, and/or different UL subframes. For
example, the 1°” UCI may be transmitted on the PUSCH, and
the 24 UCI may be transmitted on the PUCCH. Alterna-
tively, the 1°* UCI may be transmitted on a primary cell, and
the 2"¢ UCI may be transmitted on a secondary cell.

The masking sequence may be masked with the entirety
or part of a bit sequence of the 2" UCL.

Hereinafter, an example of various masking sequences for
a 8-bit CRC with M=8 is described. A transmission state
indicated by the masking sequence and/or the number of bits
thereof are for exemplary purposes only.

In a first embodiment, the masking sequence may indicate
whether A/N is transmitted for all serving cells. The follow-
ing table shows an example of the masking sequence.

TABLE 3

Masking sequence Content

<0,0,0,0,0,0,0, 0> A/N is not transmitted. For example, A/N of all
cells are DTX.
A/N is transmitted. For example, at least one

A/N is ACK or NACK.

<1,1,1,1,1,1, 1, 1>

In a second embodiment, the masking sequence may
indicate whether HARQ ACK/NACK is transmitted for a
specific serving cell or a specific serving cell group. The
following table shows an example of the masking sequence.

TABLE 4

Masking sequence Content

<0,0,0,0,0,0,0, 0> A/N is not transmitted.

<1,1,1,1,1,1, 1, 1> A/N is transmitted for 1% serving cell group.
<1,1,1,1,0,0,0, 0> A/N is transmitted for 2”¢ serving cell group.
<0,0,0,0,1,1,1, 1> A/N is transmitted for all serving cell groups.

Information regarding the 1* and 2"“ serving cell groups
may be reported by the BS to the wireless device through an
RRC message, etc. Each serving cell group may include one
or more serving cells. The following table is a case where the
serving cell group is extended to three serving cell groups.

TABLE 5

Masking sequence Content

<0,0,0,0,0,0,0,0> A/N is not transmitted.

<1,1,1,1,1,1,1, 1> A/N is transmitted for 1 serving cell group.

<1,1,1,1,0,0,0,0> A/N is transmitted for 1* and 2" serving cell
groups.

<0,0,0,0,1,1,1,1> A/N is transmitted for 1%, 2"¢, and 3" serving cell

groups.

In the embodiment of Table 4 and Table 5, since the 1
serving cell group is always selected, a primary cell may be
included.

In a third embodiment, the masking sequence may indi-
cate a transmission state of HARQ ACK/NACK for the
primary cell and the secondary cell. The reason above is that
an importance thereof is high since the primary cell is used
to activate/deactivate the secondary cell.
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TABLE 6

Masking sequence Content

A

1,1,1,1, 1, 1> A/N is not transmitted.

0,0,0,0,0,0> A/N is transmitted for primary cell.

1,0,1,0,1,0> A/N is transmitted for primary cell and secondary
cell.

1,1
0,0
1,0

>

>

A

A

LRI )

The masking sequence may be used to distinguish
whether a PUCCH resource used for A/N transmission is
used or whether the PUCCH resource is allocated. When
A/N transmission is configured with a PUCCH format 3,
A/N transmission in the primary cell uses the PUCCH
format 3 or a PUCCH format 1a/1b according to whether a
resource is allocated for the PUCCH format 3. A/N trans-
mission of the secondary cell uses the PUCCH format 3. If
a resource allocation for the PUCCH format 3 is received
from the BS, the wireless device may use a masking
sequence indicating that the PUCCH format 3 is used. If the
resource allocation for the PUCCH format 3 is not received
from the BS, the wireless device may use a masking
sequence indicating that the PUCCH format 3 is not used.

When the BS receives the masked CSI, the following
operation is performed.

If a CRC detection fails, the BS may attempt to demodu-
late a modulation symbol corresponding to A/N, or may give
up the demodulation.

Ifthe CRC detection on CSI fails, the BS may not perform
demodulation on the modulation symbol corresponding to
A/N. Alternatively, if the CRC detection on CSI fails, the BS
may attempt to restore corresponding A/N by performing
demodulation on the demodulation symbol corresponding to
the A/N.

A transmission state of A/N for a plurality of serving cell
may be reported by the wireless device to the BS by using
CRC masking. An ambiguity between the BS and the
wireless device may be decreased with respect to the A/N
transmission state.

Now, CSI mapping on a PUSCH is described.

As described in the explanation in association with FIG.
4, a method is used in which a modulation symbol of CSI is
mapped, and thereafter a modulation symbol of A/N is
overwritten. A channel interleaver matrix is an RmuxxCmux
mapping matrix used to multiplex a UL transport block and
UCL

According to the conventional method, CSI is subjected
to time-first mapping, and thus a modulation symbol to be
punctured exists in a middle portion of a CSI symbol
sequence. In the example of FIG. 4, among CSI modulation
symbols having indices 0 to 116, CSI modulation symbols
having indices of 50, 51, 56, 57, 61, 62, 66, 67, 70, 71, 74,
75, 78. 79, 82, 83, 86, 87, 90, 91, 94, 95, 98, 99, 102, 103,
106, 107, 110, 111, 114, and 115 are punctured.

The proposed method enables a punctured modulation
symbol to correspond to a last portion of a CSI symbol
sequence, and enables the BS to more easily perform a bit
correction according to whether it is punctured.

Hereinafter, it is assumed that Rmux=12, Cmux=12, and
one subframe includes 14 OFDM symbols. An OFDM
symbol for transmitting RI, except for an OFDM symbol for
transmitting DM-RS, is called an OFDM symbol with =1,
4,7, 10 (such a symbol is called an RI OFDM symbol), and
an OFDM symbol for transmitting A/N is called an OFDM
symbol with 1=2, 3, 8, 9 (such a symbol is called an A/N
OFDM symbol). The number of OFDM symbols in a
subframe, the number/location of OFDM symbols for trans-
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mitting DM RS, the number/location of RI OFDM symbols,
and the number/location of A/N OFDM symbols are for
exemplary purposes only.

FIG. 7 shows resource mapping according to an embodi-
ment of the present invention.

RI is first mapped, and thereafter CSI is mapped in an
ascending order of 1 starting from k=0, except for an A/N
OFDM symbol. In addition, the CSI is mapped to the A/N
OFDM symbol in a reverse order (i.e., 1=3, 8, 9, 2) of the
OFDM symbol to which the A/N is mapped. Finally, the A/N
is mapped across A/N OFDM symbols.

FIG. 8 shows resource mapping according to another
embodiment of the present invention.

Comparing with the embodiment of FIG. 7, an order of an
A/N OFDM symbol to which CSI is mapped is different. The
order is 1=2, 3, 8, 9, whereas 1=3, 8, 9, 2 in the embodiment
of FIG. 7. The mapping order of the A/N OFDM symbol
may be defined differently. The mapping order of the A/N
OFDM symbol may be pre-defined, or may be reported by
a BS to a wireless device through an RRC message, etc.

FIG. 9 shows resource mapping according to another
embodiment of the present invention.

RI is first mapped, and thereafter CSI is mapped in an
ascending order of 1 starting from k=0, except for an RI
OFDM symbol and an A/N OFDM symbol. That is, the CSI
is not mapped to an OFDM symbol with 1=1,2,3.4,7.8,9,10.
In addition, the CSI is mapped to the RI OFDM symbol and
the A/N OFDM symbol according to a specific mapping
order. Herein, the mapping order is 1=4,7,10,1,3,8,9,2.
Finally, A/N is mapped across A/N OFDM symbols.

The mapping order may be predefined, or may be reported
by a BS to a wireless device through an RRC message, etc.

FIG. 10 shows resource mapping according to another
embodiment of the present invention.

Comparing with the embodiment of FIG. 9, a mapping
order is 1=1,2,3,4,7,8,9,10.

FIG. 11 is a block diagram showing a wireless commu-
nication system according to an embodiment of the present
invention.

A BS 50 includes a processor 51, a memory 52, and a
radio frequency (RF) 53. The memory 52 is coupled to the
processor 51, and stores a variety of information for driving
the processor 51. The RF unit 53 is coupled to the processor
51, and transmits/receives a radio signal. The processor 51
implements the proposed functions, procedures, and/or
methods. In the aforementioned embodiment, an operation
of the BS may be implemented by the processor 51. The
processor 51 may transmit a UL grant through a PDCCH,
and may receive CSI and/or A/N through a PUSCH.

A wireless device 60 includes a processor 61, a memory
62, and an RF unit 63. The memory 62 is coupled to the
processor 61, and stores a variety of information for driving
the processor 61. The RF unit 63 is coupled to the processor
61, and transmits/receives a radio signal. The processor 61
implements the proposed functions, procedures, and/or
methods. In the aforementioned embodiment, an operation
of the wireless device may be implemented by the processor
61. The processor 61 may implement a control information
transmission method according to the embodiment of FIG.
6, and may implement UCI resource mapping.

The processor may include Application-Specific Inte-
grated Circuits (ASICs), other chipsets, logic circuits, and/or
data processors. The memory may include Read-Only
Memory (ROM), Random Access Memory (RAM), flash
memory, memory cards, storage media and/or other storage
devices. The RF unit may include a baseband circuit for
processing a radio signal. When the above-described
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embodiment is implemented in software, the above-de-
scribed scheme may be implemented using a module (pro-
cess or function) which performs the above function. The
module may be stored in the memory and executed by the
processor. The memory may be disposed to the processor
internally or externally and connected to the processor using
a variety of well-known means.

In the above exemplary systems, although the methods
have been described on the basis of the flowcharts using a
series of the steps or blocks, the present invention is not
limited to the sequence of the steps, and some of the steps
may be performed at different sequences from the remaining
steps or may be performed simultaneously with the remain-
ing steps. Furthermore, those skilled in the art will under-
stand that the steps shown in the flowcharts are not exclusive
and may include other steps or one or more steps of the
flowcharts may be deleted without affecting the scope of the
present invention.

What is claimed is:

1. A method for transmitting uplink control information in
a wireless communication system, the method performed by
a wireless device and comprising:

determining, by the wireless device, whether to multiplex

first uplink control information with second uplink
control information;

generating, by the wireless device, a masking sequence

based on the determination;

masking, by the wireless device, a cyclic redundancy

check (CRC) of the first uplink control information
with the masking sequence; and

transmitting, by the wireless device, the masked first

uplink control information through an uplink channel,
wherein the first uplink control information includes
channel state information (CSI), and the second uplink
control information includes a hybrid automatic repeat
request (HARQ) positive-acknowledgement (ACK)/
negative-acknowledgement (NACK), and
wherein the masking sequence indicates the HARQ ACK/
NACK transmission state for at least one serving cell.

2. The method of claim 1, wherein the masking sequence
indicates further whether HARQ ACK/NACKs for all con-
figured serving cells are multiplexed to the uplink channel.

3. The method of claim 1, wherein the masking sequence
indicates further whether a HARQ ACK/NACK for at least
one serving cell is multiplexed to the uplink channel.

4. The method of claim 1, wherein the CSI is triggered at
a request of a base station.

5. The method of claim 1, wherein the masking sequence
indicates further whether the second uplink control infor-
mation is multiplexed to the uplink channel.

6. The method of claim 1, wherein the uplink channel
includes a physical uplink shared channel (PUSCH).

7. The method of claim 1, wherein the number of bits of
the first uplink control information is greater than 11.

8. A wireless device for transmitting uplink control infor-
mation in a wireless communication system, the wireless
device comprising:

a radio frequency (RF) unit configured to transmit and

receive a radio signal; and

a processor operatively coupled to the RF unit and con-

figured to:

determine whether to multiplex first uplink control infor-

mation with second uplink control information;
generate a masking sequence based on the determination;
mask a cyclic redundancy check (CRC) of the first uplink

control information with the masking sequence; and
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transmit the masked first uplink control information

through an uplink channel via the RF unit,

wherein the first uplink control information includes

channel state information (CSI), and the second uplink
control information includes a hybrid automatic repeat
request (HARQ) positive-acknowledgement (ACK)/
negative-acknowledgement (NACK),

wherein the masking sequence indicates the HARQ ACK/

NACK transmission state for at least one serving cell.

9. The wireless device of claim 8, wherein the masking
sequence indicates further whether HARQ ACK/NACKSs for
all configured serving cells are multiplexed to the uplink
channel.

10. The wireless device of claim 8, wherein the masking
sequence indicates further whether a HARQ ACK/NACK
for at least one serving cell is multiplexed to the uplink
channel.
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